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Further evidence that geometries of fungicides and pores in
fungal wall must be compatible to show bioavailability
Herman Gershon\ Muriel Gershon 1 and Donald D. Clarke2

Harding Laboratory, The New York Botanical Garden and 2Fordham University, Bronx,
New York 10458, USA
1

ABSTRACT

Copper(II) biscomplexes of 3-bromo-6-chloro-8quinolinol and 6-bromo-3-chloro-8-quinolinol
were prepared, the long axes ofwhich were 16.8 A
and 17.6 A respectively. The long axes of the
pores in the walls of the test fungi were
determined: A niger (15.0 A), A. oryzae (16.8 A),
M verrucaria (17.4 A), T viride (15.0 A).
M circinelloides (not determined), and T mentagrophytes (11 .4 A). When the long axis of the
copper(II) complex was was shorter or equal to
that of the pore, there was fungitoxicity. When the
long axis of the complex was longer than that of
the pore in the fungal wall there was no toxicity.
This was due to penetration or exclusion from the
cell.
KEYWORDS: bis(3-bromo-6-chloro-8-quinolinolato)
copper(II), bis(6-bromo-3-chloro-8-quinolinolato)
copper(II), fungitoxicants, penetration of pores,
pore geometry, toxicant geometry.

studies have been made. The basic hypothesis
describing how a compound approaches the fungal
wall and the importance of square planarity was
reported in detail previously [ l, 4].
The significance of the present study was to
demonstrate the importance of the long axis of the
compound as compared with those of the fungal
pores with respect to toxicity. For this, two
compounds were prepared: bis(3-bromo-6-chloro8-quinolinolato)copper(II) and bis(6-bromo-3chloro-8-quinolinolato)copper(II) in which the
6,6' halogens formed the long axes of the
compounds. It should be noted that the 6.6'-dichloro
complex is 16.8 A long, whereas the corresponding
dibromo analogue is 17.6 A long [5, 6]. The
ligands were available from an earlier work [7],
and the copper complexes were prepared by
literature methods [8].
MATERIALS AND METHODS
Compounds

INTRODUCTION

In a recent report, the dimensions and shapes of
the pores of the walls of five fungi were
calculated. An assumption that these pores were
hexagonal was based on the finding that in the cell
envelopes of bacteria and cell walls and spore
coats of algae there were crystalline surface layers
which possess hexagonal pores that act as barriers
against bioactive compounds that are not
compatible with the geometries of the pores of the
cells [2, 3]. This has not yet been shown in the
filamentous fungi, possibly because no such

Bis(6-bromo-3-chloro-8-quinolinolato)copper(II)
The yield of product was 91%, mp 359°C dec.,
based on a 0.0019 molar run.
Anal. calcd. for C 18HsBr2Cl2N 2 0 2Cu; C 37.37,
H 1.39, N 4.84. Found C 37.65, H 1.30, N 4.65.
Bis(3-bromo-6-chloro-8-quinolinolato)copper(II).
The product was obtained in 67% yield, mp
364-365° dec, based on a 0.0019 molar run.
Anal. calcd. for C 18H 8Br2ClzN20 2Cu; C 37.37,
H 1.39, N 4.84. Found C 37.52, H 1.37, N 4.80.
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Antifungal testing

The medium employed for testing was Sabouraud
dextrose broth (Difco, Detroit, Michigan), and the
method of testing was reported previously [9].
The fungi employed included Aspergillus niger
(ATCC 1004), A. oryzae (ATCC 1101),
Myrothecium
verrucaria
(A TCC
9095C),
Trichoderma viride (A TCC 8678), Mucor
circincelloides (A TCC 7941 ), and Trichophyton
mentagrophytes (A TCC 9129).

RESULTS
Table 1 contains the antifungal data of the
6.6'-dichloro and 6,6'-dibromo ·copper(II) complexes
as well as the lengths of their long axes and the

lengths of the long axes of the pores in the walls
of the respective fungi. The long axes of the pores
of A. niger and T. viride are 15.0 A and neither of
the test compounds were inhibitory to them. The
pore lengths of A. oryzae and M. verrucaria, and
T mentagrophytes were 16.8 A, 17.4 A and 17.4 A
respectively and the growth of these fungi was
inhibited by the 6.6'-dichloro complexes where the
long axes of the copper (II) complex was shorter
or equal to the corresponding long axes of the
pores in the fungal cell walls. The 6.6'-dibromo
copper (II) complex possessed a greater long axis
than the pores of all of the test fungi and was not
toxic to any of them. The non-toxicity of both
complexes to M circinelloides is rationalized in
the footnote d of the table.

Table I. Antifungal activity of copper(II) Bis complexes of 3-bromo-6-chloro- and 6-bromo-3-chloro-8quinolinols in Sabouraud dextrose broth at 28°C in shake culture after six days and the relationships to the
length of the long axes of the complexes of the pores of six fungi
Minimal inhibitory concentrations [mmol/L (J..lg/mL)]a
Substituted
8-Quinolinol
3-Br-6-Cl
6-Br-3-Cl

A. niger

A. oryzae

M verrucaria

T. viride

M circinelloides

T mentagrophytes

>0.17(> 100)
>0.17(> 100)

0.014(8)
>0.17(> 100)

0.014 (8)
>0.17(> 100)

>0.17(> 100)
>0.17(> 100)

>0.17(> 100)
>0.17(> 100)

0.038 (20)
>0.17(> 100)

Long axes of complexes (A)b
6,6-CI

2
6,6-Br
2

16.8

16.8

16.8

16.8

16.8

16.8

17.6

17.6

17.6

17.6

I7.6

17.6

Long axis of pore of each fungus (A)c
Pore Length

15.0

16.8

17.4

15.0

17.4

aTest levels: from I 0 to 100 J..lg/ml were carried out in increments of 10 J..lg/ml and from I to I 0 in
incren1ents of I J..lg/ml.
bcalculated according to refs [5, 6].
ccalculated based on the data from ref [ l ] .
dcould not be calculated because no known square planar his cotnplex was toxic to this fungus, although
(salicylato)(8-quinolinolato )copper(II) and the 5-fluoro-, 7-fluoro- and 5, 7-difluoro-8-quinolinolato
complexes with salicylic acid and copper(II) were toxic [Previously unpublished results].
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DISCUSSION

3.

In all cases the results were consistent with those
that could have been predicted. This is in
accordance with what was previously indicated
that penetration of the cell wall is necessary for
bioactivity and exclusion results in non-activity
[1, 4].
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